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Abstract 
The neutron imaging station based on the proton-linac-driven neutron source at CPHS, is presently under construction at 
Tsinghua University. It is driven by a high-intensity proton linac (ECR proton source, LEBT, RFQ, DTL and HEBT) with a 13-
MeV proton beam and a beryllium target station for neutron production. The facility has achieved its mid-term objective to 
deliver a  3 MeV proton beam directly from the RFQ output to the neutron target station by the HEBT, with a peak current of 
22 mA and a pulse length of 100ȝs.In addition the neutron imaging station of the first stage to provide neutron radiography is 
installed. In this paper, the instrument design and engineering construction status of the neutron imaging station of CPHS is 
presented, including the preliminary neutron imaging experiments and the results. The beam energy of the CPHS will be 
enhanced to 13 MeV after the DTL is ready in 2015. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Paul Scherrer Institut. 
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1. Introduction
The accelerator-based CPHS (Compact Pulsed Hadron Source) is a multi-purpose neutron and proton facility 
currently under construction at Tsinghua University [1-3] (Wei et al. 2010, Huang et al. 2011 and Loong et al. 
2012), which is aimed at becoming an experimental platform for education, research, and innovative applications. 
The neutron imaging station in the CPHS Project is designed to support neutron radiography and computed 
tomography for university student training, scientific and industrial applications.  
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The final physical design of the neutron imaging station in CPHS has been completed and approved. The 
manufacture of aperture device, collimators, shutter, flight tubes and shielding before position I in the neutron 
imaging beam line is completed. As RFQ driven 3 MeV protons are ready to impinge the beryllium target in the 
current stage of the CPHS project[4] (Xing et al. 2012), several preliminary neutron imaging experiments using a 
neutron imaging plate (Fuji BAS-ND) unit as imaging device were conducted to diagnose the basic parameters and 
performance of neutron source and imaging beam line.  
2. Neutron imaging station in CPHS system
As shown in Fig. 1, the CPHS is designed to provide the proton beam, of whose the parameters are 13MeV/50 
mA with a pulse length of 500ȝs and repetition rate of 50 Hz. CPHS uses a RFQ to accelerate the protons produced 
by an ECR(Electron Cyclotron Resonance) source from 50keV to 3MeV, and an Alvarez-type DTL(Drift Tube 
Linac) to accelerate the beam from 3 MeV to 13 MeV. Neutrons are generated from a beryllium target based on the 
(p,n) reaction and moderated by solid methane (CH4) in the TMR (Target Moderator Reflector). Four neutron beam 
lines are planned in the CPHS project, of which the small-angle neutron scattering line and neutron imaging line 
are under construction. 
Fig. 1. The schematic layout of the CPHS. 
The CPHS facility has now achieved its mid-term objective to deliver the 3 MeV proton beam directly from the 
RFQ accelerator, with the peak current of 22 mA, pulse length of 100ȝs, to the Beryllium target to produce the 
neutron beam by the HEBT(High Energy Beam Transport)[5,6] (Xing et al. 2014 and Du et al. 2014). The thermal 
neutron wavelength spectrum of CPHS at the 3MeV stage has been measured on the test line, as shown in Fig. 2. In 
addition the time structure of the neutron pulse for a wavelength of 1.17 Å was also measured, as shown in Fig. 3 
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Fig. 2. The wavelength spectrum of the thermal neutrons. 
Fig. 3. The time structure of the neutron pulse. 
Though the DTL is still in development, the CPHS is in operation with a 3 MeV proton beam, with five 
quadrupoles positioned instead of it. After the DTL is ready in 2015, the beam energy of CPHS will be enhanced to 
13 MeV. 
The neutron imaging station of CPHS, which will provide the neutron radiography/tomography capability is 
designed as shown in Fig. 4. [2](Huang et al. 2011)
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Fig. 4. The schematic layout of neutron imaging station at CPHS. 
The neutron imaging station adopts the conventional single-hole geometry. The neutrons are transported via a 3-
m long collimator with a 10 cm x 10 cm upstream window, tapered from TMR (Target Moderator Reflector) to the 
downstream end. The collimators and flight tubes are evacuated to reduce attenuation of the neutron beam and air-
scattering background. A neutron Imaging Plate (Fuji BAS-ND) unit or a CCD camera is employed to record the 
photon images converted from neutrons by a scintillator screen. 
As shown in Fig. 5, currently, the basic construction of the neutron imaging beam line is completed, that is, the 
shutter, the collimators, flight tubes, an aperture device, the Fuji image plate and the shielding are installed along 
the beam line. 
3. Preliminary neutron imaging experiments
The CPHS facility has delivered the 3 MeV proton beam directly from the RFQ accelerator to the Beryllium 
target to produce the neutron beam.  In order to diagnose the basic parameters and performance of the neutron 
source and the neutron imaging beam line at this stage, preliminary neutron imaging experiments using a neutron 
imaging plate unit as imaging device have been carried out.  
3.1. Experiment setup 
The ASTM standard Image Quality Indicators (IQI) were placed before the imaging plate in the neutron 
radiography experiments, as shown in Fig. 6: a Beam Purity Indicator (BPI) for quantitative determination of 
neutron radiographic quality, and a Sensitivity Indicator (SI) for qualitative determination of the sensitivity of 
detail visible on a neutron radiograph.  
100   Yongshun Xiao et al. /  Physics Procedia  69 ( 2015 )  96 – 103 
Fig. 5. The neutron imaging station at CPHS. 
Fig. 6. Image Quality Indicator (IQI) used in experiment. 
The imaging plate and IQI were placed together at different positions P1 and P2 along the neutron imaging 
beam line in the experiments to acquire the neutron images, as shown in Fig. 7. In position P1, the imaging plate 
was directly exposed to the neutron beam from TMR without a collimator, where the distance between TMR and 
IQI was 1 meter, and the experimental beam time was 30 minutes. In position P2, where the distance between TMR 
and IQI was 5 meters, the experimental beam time was 10 hours. The neutron beam passed through the flight tubes 
and collimators, then produced a normal neutron radiograph as the CPHS neutron imaging station was designed to 
do.  
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Fig. 7. Position P1 and P2 in experiment. 
In the current stage of CPHS, the neutron intensity with 3 MeV protons is very low for the experiment, as shown 
in Fig. 3, and the aperture is not mounted in the beam line in order to reduce the exposure time of the experiments. 
3.2. Neutron image and data process 
After 30 minutes exposure, the neutron radiograph of the Beam Purity Indicator (BPI) in position P1 was 
obtained, as shown in Fig. 8. The PSL values of selected positions in the BPI image were measured by software to 
calculate contributors to the exposure. These result are shown in Table 1. 
Fig. 8. Neutron image in position P1 in experiment.
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After 10 hours exposure, the neutron radiograph of the Beam Purity Indicator (BPI) and Sensitivity Indicator (SI) 
in positon P2 was obtained, as shown in Fig. 9.  
Fig. 9.  Neutron image in position P2 in experiment. 
The PSL values of selected positions in the BPI image in position P2 were also measured and shown in Table 1. 
     Table 1. PSL values of selected positions in the BPI image in positions P1 and P2. 
 PSL/mm2 in P1  PSL/mm2 in P2 
DB1 473.03 67.43 
DB2 598.36 67.29 
DL1 1496.41 217.62 
DL2 1526.87 214.33 
DH 1778.51 272.65 
DT 1565.44 222.78 
3.3. Experimental results 
The effective thermal neutron content (NC), effective scattered neutron content(S), effective gamma content (¤) 
and effective pair production content (P) were calculated by these  PSL values as shown in the following table. 
   Table 2. Exposure Contributors in position P1 and position P2. 
As shown in Table 2, the effective scattered neutron content(S) in position P2 is much lower than that in 
position P1, i.e. the intensity of effective scattered neutrons is reduced sufficiently by the beam line collimator. The 
gamma ray contribution is relatively low, as was designed for the CPHS project, which is indicated by the effective 
gamma content(¤) values of P1 and P2. 
The neutron radiography results of Fig. 8 and Fig. 9 show that the alignment of the neutron beam line is good, 
and the transverse distribution of the neutron beam is rather uniform. 
Image system parameters Position P1 Position P2 
NC 64.64  74.06  
S 7.05  0.05  
¤ 3.88  3.10  
P 1.71  1.21  
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4. Summary 
The CPHS facility has achieved its mid-term objective to deliver a 3 MeV proton beam from the RFQ 
accelerator to impinge the beryllium target to produce neutrons. The neutron imaging station of CPHS has 
basically been constructed, with its shutter, collimators, flight tubes, an aperture device, the Fuji imaging plate and 
the shielding installed along the beam line before position I. Several preliminary neutron imaging experiments 
using a neutron imaging plate are have been carried out, which show that the basic parameters and performance of 
the neutron source and the imaging beam line meet the design expectations at this stage. The CPHS and neutron 
imaging station will be continuously improved when the DTL is ready and beam energy is enhanced to 13 MeV in 
2015.  
Acknowledgements 
We would like to thank Yubin Zou, Zhiyu Guo for fruitful discussions during the course of this study. The work 
was supported by National Natural Science Foundation of China (Major Research Plan Grant No. 91126003). 
References 
[1]  J.Wei,H.Chen,C.Cheng et al, “The compact pulsed hadron source project” , The 19th Meeting of the International Collaboration on 
Advanced Neutron Sources, March 8-12,2010,Switzerland. 
[2]   Zhifeng Huang, Yongshun Xiao et al, “Scheme for radiography /tomography with a low-brilliance neutron source at the CPHS”, Nuclear 
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, Volume 
651, Issue 1, 21 September 2011, Pages 32–35 
[3]  C. -K. Loong, Jie Wei, et al, “The Impact on Science and Technology of University-Based, Accelerator-Driven, Compact Neutron and 
Proton Sources: A Case in Point in China”, Physics Procedia, Volume 26, 2012, Pages 8-18 
[4]   Q.Z. Xing, Y.J. Bai,, et al, “A 3-MeV RFQ accelerator for the Compact Pulsed Hadron Source at Tsinghua University”, Physics Procedia, 
Volume 26, 2012, Pages 36-43 
[5]  Q.Z. Xing et al., “CPHS Linac Status at Tsinghua University”, IPAC’14, Dresden, THPME023, p. 3268 (2014); 
[6] L. Du et al., “Beam dynamics and experiment of CPHS linac”, HB2014, East Lansing, THO2LR02 (2014) 
